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A B S T R A C T   
Estuaries are cradles of life for the communities who live around and within them. They are valued in multiple 
ways for the services they provide to humans, including food production, recreation, water purification, navi-
gation and amenity. Various groups of stakeholders all place different importance on these values, how their 
needs and practices interact, and what it means to effectively manage an estuary towards a range of desirable 
goals. This typically creates value conflicts over how estuaries should be managed. Navigating such conflicts 
requires governance arrangements and methods that allow multiple parties to find a common path forward. 
Using Evolutionary Governance Theory (EGT) and a hybrid analytic framework incorporating aspects of multi- 
level/multi-scalar governance, risk governance and territorial intelligence theory, this paper explores the (co-) 
evolution of governance processes by analysing lessons learnt from action in and observation of estuaries in 
Australia (Lower Hawkesbury), France (Thau) and New Caledonia (Thio). A multi-method research approach to 
data collection was used and comparative analysis across the three estuaries undertaken to understand the 
evolutions in each of their governance systems. From this analysis, several reflections and lessons for the 
governance of other land-sea systems emerge on: the importance of boundary organisations and boundary ne-
gotiations in re-defining integrated approaches to land-sea governance; how particular information systems or 
models, as well as discourses from other key actors shape co-evolutions of estuarine governance; and that risks or 
shocks still appear to be the catalysers of new forms of collective action and major reconfigurations and evo-
lutions of estuarine governance.   
1. Introduction 
Estuaries are cradles of life for the communities who live around and 
within them. They represent the meeting point where land-based water 
meets the sea: hybrid environments where specific ranges of salinity 
allows certain ecosystems, fisheries and human activities to develop. 
These estuarine social-ecological systems–that can be identified in 
different geomorphological forms from coastal lagoons to deltas [126] 
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–are constantly evolving. Connectivity issues are compounded when 
catchments accommodate urban development and the land-sea envi-
ronment itself is changing. For example, many of the processes con-
trolling sedimentation and coastal erosion in estuaries are sensitive to 
climate change impacts (including sea-level rise, more extreme weather 
events and ocean acidification) [1,2], putting waterfront development, 
other infrastructure and adjacent communities at risk. Hybrid estuarine 
environments are valued in multiple ways for the services they provide, 
including food production, recreation, water purification, navigation 
and amenity [3–5]. For their inhabitants, they are also places vested 
with symbolic, customary and heritage values. First peoples, residents, 
oyster farmers, fishers, housing developers, tourism operators, farmers, 
shipping or transport companies, environmental NGOs and government 
agencies, all place different importance on these values. How their needs 
and practices interact, and what these interactions mean for effectively 
managing an estuary towards a range of desirable goals are key ques-
tions of estuary governance. Despite stakeholders all valuing and relying 
on the estuary differently, there are often knowledge gaps, perceptions 
and assumptions within community and management bodies around 
interacting values, needs and interests. For example, urban and rural 
upstream community members may not be aware of the impact they 
impose on downstream users such as estuarine commercial fishers or 
aquaculture industries. While a few agricultural communities would 
value, for example, using fertilizer and pesticides, downstream fishers 
would value healthy aquatic ecosystems. These stakeholders’ practices 
are not necessarily in alignment. 
Due to their hybrid land-sea nature, estuaries have typically been 
difficult to manage effectively with either land or sea-based governance 
arrangements [6,7]. Governance, in regard to the management of the 
estuaries, incorporates the fluid and ongoing discourse among actors, 
institutions and knowledge in decision-making processes and action, 
subject to systems of authority. The governance of social-ecological 
connectivities between land-based, sea-based and estuarine processes 
functions in theory and practice represents a major knowledge gap [8]. 
A solid, bespoke theoretical foundation for the management and 
governance of multi stakeholder relationships in estuaries and coastal 
areas is currently lacking [9–11]. As the effects of climate change unfold, 
the call for estuary governance theory will only get stronger: climate 
change has no jurisdictional or bureaucratic boundaries and will 
increasingly alter the natural systems contained within estuarine sys-
tems [12,13]. For this reason, further advancement of estuarine gover-
nance theory will specifically need to address co-evolution. 
Estuaries do not easily fit within legally or culturally prescribed 
categories around land and sea, as there are often other coherent set-
tlement, mangrove, inlet or fishing ground areas that may instead be the 
focus of local community management. Estuaries often span multiple 
jurisdictions and biophysically belong to catchments and river basins, as 
well as to coastal areas and bio-regions. This makes defining the 
appropriate scales and levels for developing governance arrangements 
far from evident (e.g. Refs. [14–16]). As such, they often escape the 
attention of decision-makers as an entity to be specified and governed 
accordingly. This leads to multiple jurisdictions being responsible for 
various components of an estuarine landscape. For example, in New 
South Wales, Australia, until recently mean high water has been used to 
mark the boundary for estuaries in legislation for various authorities (e. 
g. Crown Lands, Coastal Protection Regulations and National Parks and 
Wildlife Acts). However, many intertidal habitats such as saltmarsh and 
mangroves exist above the mean high water limit. Consequently, man-
agement of human activities above mean high water but outside the land 
boundary of either private or public land fell into an ambiguous space. 
Changes to land planning instruments made in NSW in 2016 now allow 
for land-based zonings to be applied on waterways to ensure consistency 
when zoning these communities, eliminating the ‘governance limbo’ 
that had previously existed. From this example we can infer that ‘estu-
ary’ as a category may itself not reflect the ways that local communities 
understand or use their landscapes, or even fit local people’s 
representations in terms of life-world, place-making, uses, and property 
rights. 
Regardless of the categorisation of these hybrid land-sea places, 
there is an increasing realisation of the interdependence of actors’ 
behaviour and other socio-environmental risks affecting many estuaries 
and other coastal hybrid zones such as lagoons, coastal lakes, man-
groves, deltas and coral reefs [17,18]. Specifically, there is increasing 
acknowledgement that greater integrated management and governance 
is required to effectively protect the aforementioned values of these 
special places [9,19]. Therefore, over the past decades, there has been 
increasing experimentation worldwide in developing management and 
governance regimes to deal with these challenges (e.g. Refs. [20–22]); 
see also [23]. Advancements in the biophysical sciences have offered 
estuary managers and stakeholders a better understanding of estuarine 
processes, including through fluid dynamics; water quality modelling; 
and population dynamics studies for various marine species (e.g. Refs. 
[24,25]). In addition, integrated research, using such conceptual and 
theoretical framings as ‘social-ecological systems’ and ‘socio-technical 
arrangements’, is increasingly being undertaken to engage and assist 
local communities and other actors. Specifically, managers and other 
estuary community actors are developing innovative hybrid 
science-management and co-production processes. These harness a wide 
range of methodologies and structures for managing activities in estu-
aries as well as for whole of estuary management. An example in the first 
category is Chesapeake Bay in the United States. For this estuary, pro-
cesses of consensus conference modelling focussed on fisheries evolution 
and management, as well as oyster futures have been facilitated between 
industry representatives, managers and scientists (e.g. Refs. [26,27]). An 
example of innovative whole-of-estuary governance can be found in the 
Thau Lagoon, Southern France. Here, both low-tech and high-tech in-
formation tools have been developed and brought together to support 
different groups of stakeholders (e.g. Refs. [28–33]). Many such 
co-production processes have led, either by design or through eventual 
collective learning processes, to alterations in governing processes. 
Conversely, actors in other estuarine systems are yet to coalesce 
around the concept of estuary governance. They have yet to find the 
resources and develop the structures of collective action necessary to 
provide effective governance in these interconnected places. In most 
estuaries, relational networks, information and data streams appear to 
be lacking, so there is little support for collective action. For example, 
socio-economic value of estuarine-related commercial industries like 
fishing and aquaculture is often absent. Without this data and infor-
mation, there is little recognition of the significance of these industries 
for regional towns and areas. Studies focusing on multiple socio- 
economic values associated with commercial fishing and aquaculture 
are now emerging (e.g. Refs. [34,35]), and the next step will be to 
integrate insights from this work into collective decision-making for 
more effective management of the hybrid estuary environments. 
The changing nature of estuary governance and a push towards 
greater experimentation requires an understanding of how actors, in-
stitutions, norms and knowledge around estuaries co-evolve. It also re-
quires an understanding of how some of these elements have been made 
visible or invisible through policy, science, the strategies of other actors 
and institutional designs. One theory that can help with building this 
understanding is Evolutionary Governance Theory (EGT), which is 
premised on the idea that change does not occur randomly within a 
governance system, but rather as the result of co-evolution of different 
systemic elements [36]; see also [37]. Under such a theoretical lens, it is 
possible to understand the way that context has previously shaped es-
tuary governance and how it is key to predicting how governance can 
and is evolving to encompass a full range of land-sea interactions. As 
previously discussed, adequately defining and managing boundaries is a 
complex problem for estuarine governance. EGT in the context of estu-
aries, sees boundaries as adaptive and constantly evolving physical and 
non-physical spaces, objects and subjects: a conceptual framing that, 
once applied, is likely to advance understanding of estuarine governance 
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through empirical observation. EGT also distinguishes between different 
types of dependencies in evolving governance systems: path dependence; 
inter-dependence; and goal dependence. EGT provides a theoretically 
diverse toolkit for addressing the evolution of governance systems [36, 
53]. Within this toolkit operates a process-oriented and interactionist 
conception of governance that helps to avoid overlooking the con-
junctural and political dimensions of governance as a more or less sta-
bilised set of rules and regulations resulting from the repeated interplay 
of state and non-state actors and institutions around a public issue [38]; 
see also [39,40]. Thus, from an EGT perspective, governance can result 
in (dis)order in unexpected ways and according to patterns that are 
easier to analyse than to predict. 
This paper explores how a diverse range of estuary governance 
processes have evolved under differing local conditions. Through an 
EGT lens, it will specifically examine the roles that information and 
coordination, connected with other factors such as changing discourses, 
have had on three selected estuaries around the world: the Lower 
Hawkesbury Estuary in Australia, the Thau Lagoon in France and the 
Thio Estuary in New Caledonia. 
The next section of the paper outlines the theoretical framework and 
methodology. Results and discussion are then presented by means of 
comparative case studies and discussion of implications for theory and 
practice. From this comparative analysis, the paper draws conclusions 
for both the generic governance of estuaries as crucial ‘nexus’ spaces for 
land-sea interactions, and the advancement of EGT. 
2. Analytical framework and methodology 
2.1. Framework 
To examine how estuary governance processes evolve, a hybrid 
analytical framework based on Evolutionary Governance Theory (EGT) 
was developed (Fig. 1). This framework focuses on the co-evolution of 
actors, knowledge and institutions, combining elements of multi-level/ 
multi-scalar governance theory [16,41–43]; risk governance theory 
[44–46] and territorial intelligence theory [29,47,48]. 
The framework accommodates epistemological pluralism, as EGT, 
consistent with Ostrom et al. [49]; sees governance as the contextualised 
‘umbrella’ process that continuously restructures the organisation of 
relations between actors both human and non-human. The latter can 
include models, discourses and infrastructure, as per Latour and 
colleagues, in a contextual environment [50–52]. Such governance 
processes thus emerge from interactions within this changing environ-
ment, new actors and institutions and are path-, inter- and goal depen-
dent. Therefore, EGT places specific emphasis on ‘co-evolution’, 
specifically between actor/institution and power/knowledge configu-
rations through an understanding of path dependencies [46]. 
In EGT, governance is seen as socially constructed and choices about 
governance pathways as strongly related to narratives: “it takes a 
narrative, the creation of a narrative, to see the unity of a community” 
[53]: 23) and discourses that actors and institutions create and can 
subsequently relate to. Those narratives dictate knowledge seeking and 
artefact creation (which in return contribute to the evolution of the 
narrative). Artefacts, which for [51] also include non-human actors, are 
objects and narratives participating in the global evolution of gover-
nance. Building those objects and narratives has a performative effect 
that may trigger changes in governance evolution. Narratives may rely 
on objectification (a science-validated direction), naturalization 
(governance goes in nature’s direction: where Nature’s will, or let say 
autopoiesis, is human-built and interpreted) or even specific myths and 
stories. Although causality within policy narratives may appear simple 
at times, within EGT, causality is complex to determine due to the 
centrality of retroaction and recursion and emphasis on unpredictable 
events [36]. 
From under this broad EGT umbrella, the framework focuses on 
three key aspects of estuarine governance, drawing on areas of insight 
from complementary theoretical lenses. 
First, multi-level and multi-scalar governance is drawn on since it 
allows specific investigation of the scales and levels across which the 
aforementioned organisation of relations occurs, and in particular po-
tential areas of misalignment, cross-scale interactions and interplay [15, 
16]. Specifically; the spatial, administrative, institutional, stakes/issues 
and temporal scales are looked at in detail, although others, such as the 
management and knowledge scales are of course also relevant but not 
discussed in depth. To what extent resources are shared or are in 
competition between actors at different administrative or institutional 
levels is also considered [41,49]. 
Second, territorial intelligence theory is drawn upon to examine the 
specific coordinative roles of Information and Communication Technologies 
and information flows between actors in governance [48,54,55]. Specif-
ically, what roles non-human actors like models, information systems 
and discourses play in shaping evolutionary governance processes is 
Fig. 1. Conceptual analytical framework for studying estuary governance evolutions.  
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examined. 
Thirdly, risk governance theory is drawn on to understand estuarine 
communities’, managers’ and stakeholder beneficiaries’ perceptions of 
risks [45,56,57]; ISO31000/ISO31010). Specifically, the in-
terdependencies of their knowledges, power structures and associated 
conflicts within estuarine contexts, and how this fits with wider dis-
courses, EGT’s stress on contingency and controversies around estuary 
governance, is explored. 
Using this hybrid framework, represented in Fig. 1, a comparison is 
drawn contrasting a number of cases in order to draw lessons for 
evolutionary governance. This creates a means of navigating hybrid 
estuarine environments in more desirable directions. 
2.2. Methodology 
This study applies a multi-method approach to data collection, 
including through action and observation of professional work and in-
terviews. In all instances, either participatory intervention research [58, 
59] and/or ethnographic/qualitative methods [60] were used to un-
derstand the governance and connected social-ecological processes. A 
case study approach [61] was used to allow comparative empirical 
analysis of co-evolving estuarine governance processes. Each case had 
multiple researchers who can be considered as participatory or profes-
sional ‘actors’ in the cases through either being direct managers of 
estuarine environments or researchers who have supported and pub-
lished studies on them at certain points in time, which in turn acts to 
shape discourses related to their governance. 
The primary data collection methods used during times of research 
and/or management intervention (see Table A2. in appendix) in each 
case over the past two decades ranged from direct participation in and 
observation of management and planning meetings, interviews and 
ethnographic fieldwork, as well as existing documentation searches and 
analysis (e.g. of published and unpublished reports, papers and theses). 
Publications on individual cases involving and outlining the methods of 
this primary research include: [31,59,62–73] in the Hawkesbury; [2,4, 
29,33,48,74–80,125] in Thau and [81–86,124] in the Thio. In addition 
to publications, a meta-dataset was compiled based on the collection and 
collation of expert knowledge developed through professional in-region 
experience, workshops, conference attendance and other professional 
and academic activity (see Table A2). Data collection was guided by a 
proforma with three main sections that were informed by our analytical 
framework: i) scales and levels (location, topography; levels of gover-
nance; institutional mechanisms; natural assets; planning context); ii) 
roles and information flows (stakeholders/beneficiaries; history; infor-
mation sharing); and iii) actor perceptions and discourses (focal interests; 
influential discourses; future development; efficacy of governance; 
implementation requirements), as provided in Table A1. The paper’s 
co-authors then engaged with this proforma and provided consolidated 
information based on their respective areas of expertise and experience 
(see Table A2). 
The completed meta-dataset and, where required, further targeted 
document analysis was then used to develop a comparative analysis of 
the three case studies. This was done by means of iterative interrogation 
and triangulation. Researchers from other case studies questioned and 
probed their colleagues on meanings and interpretations under each of 
the section headers. This eventually drew out a consensus regarding 
themes that warranted further exploration through additional literature 
review and discussion amongst co-authors. The four discussion themes 
that were agreed upon were: i) boundaries; ii) levels of governance; iii) 
risks; and iv) collective action. 
3. Cases and scope 
This paper addresses three comprehensive cases of estuarine (or 
coastal lake) governance: the Lower Hawkesbury Estuary in New South 
Wales, Australia; the Thio Estuary in the Southern Province of New 
Caledonia; and the Thau Basin and Lagoon in the Occitanie region of 
France. These estuaries jointly represent a diversity of governance pro-
cesses, embedded in different legal, institutional and environmental 
contexts. The cases were chosen as one or more authors of the current 
paper had been involved in their study and/or management for a 
number of years. This long-term involvement provided access to rele-
vant data for comparative analysis as previously noted. In addition, 
some authors have knowledge across these case-studies, to ensure con-
sistency in cross-case analyses and interpretations. Each of the physical, 
governance and community asset contexts is introduced in the following 
subsections. Comparative case analysis and discussions then follows in 
Section 4. 
3.1. Lower Hawkesbury Estuary, NSW, Australia 
The Lower Hawkesbury is a semi–mature, tide dominated, drowned 
valley estuary, located on the northern edge of Sydney on the east coast 
of Australia. Governance in the Lower Hawkesbury is provided through 
community (farming, fishing, boating, representatives on management 
committees); local government councils, regional committees (Lower 
Hawkesbury estuary management plan committee); state government 
(fisheries, owner of water agency Sydney Water, Local Land Services 
(LLS)) and the Federal Government (EPBC Act). Institutional mecha-
nisms are in place at each level of governance to regulate and manage 
the Lower Hawkesbury, including: Lower Hawkesbury Estuary Man-
agement Committee, Local Environment Plans (LEPs), Development 
Control Plans (DCPs), EPBC Act, NSW Environmental Planning and 
Assessment (EPA) Act, 1979, State Environmental Planning Policy 
(SEPPs), Regional Environmental Plans, Water Management Act 2000, 
National Parks and Wildlife Act 1974 (NSW), Local Land Services Act 
2013, Environment Operations Act 1999, Threatened Species Conser-
vation Act 1995 and Fisheries Management Act 1994. 
The Lower Hawkesbury is used for both recreation and industry with 
its assets including oyster farming, fishing (passive and engine), boating 
& water activities, recreation (recreational swimming sites), scenic 
amenity, adjoining land-based urban development, bird watching 
(migratory birds). The included landscape encompasses beaches, sea-
grasses, mangroves, mudflats, freshwater holes and wetlands. Bound-
aries for institutional planning extend to the lower river basin including 
tributary catchments (but exclude coastal catchments). Management 
focuses on a multi-risk structure (incorporating physical, governance, 
economic factors) however the main ability for implementation is 
through local government mechanisms. 
In terms of physical land-water interdependencies, the Lower Haw-
kesbury’s water quality and downstream activities such as oyster 
farming and recreational uses are largely impacted by upstream agri-
cultural run-off, as well as urban pollution [122]. 
3.2. Thio Estuary, New Caledonia 
The Thio River Estuary is located in the Southern Province of New 
Caledonia on the mouth of the Thio River, 180 km from Noumea. 
Administrative scales of governance on the Thio is operated by Southern 
Province Community/local associations; Southern Provincial Govern-
ment and the New Caledonian government which is responsible for the 
protection and prevention of pollution. Freshwater management in the 
Thio partially depends on French municipalities’ code, excluding rights 
on customary land. The governance of Thio rests with the government of 
the Southern Province (which encompasses the entire river). There has 
been an increasing push for local governance. The indigenous and clan- 
based Kanak dimension came to the foreground in 1996, and more 
recently in the negotiations about the possible restart of mining in the 
southern part of Thio (called ‘the forgotten coast’) and after two 
important rain events in 2013 an interethnic association ‘Chava xua’ 
was formed. 
The Thio is rich in natural resources. Its principal uses and value are 
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in nickel mining (nickel extraction is very water intensive), land-based 
urban development, local agriculture and small fisheries. Water also 
has an important cultural value to local Kanak tribes. Furthermore, 
water from the Thio is a concern for local environmental NGOs as a 
buffer for extreme weather events (drought and cyclones). Institutional 
planning applies to the extended basin, reefs, catchment industry 
regulation including mining, agricultural soils and freshwater 
management. 
The evolution of the Thio Estuary is closely linked to the nickel 
mining industry and its related ecological impacts. Adding to these is-
sues, Thio also faces extreme water variability ranging from droughts to 
flooding, increasing numbers of informal settlements on its slag fills and 
beaches, and hyper-sedimentation of both the river itself and nearby 
coral beaches. 
3.3. Thau Lagoon, France 
In the South of France (Languedoc-Roussillon), the Thau Lagoon is a 
stream-fed semi enclosed karstic lagoon connected to the Mediterranean 
Sea by two small inlets. Administrative scales of governance incorporate 
community (fishers and oyster farmers), municipal governments (15 
different townships) responsible for urban development planning, 
intercommunalities (unified representation for these 15 townships) and 
their engineering structure (SMBT), regional and national (regional and 
state planning directive) and European (Natura 2000). Institution 
mechanisms used in the governance of the Thau Lagoon include DCE 
(Water law), SAGE (water plan co-built with important local stake-
holders), SCoT (which is an integrative land planning and management 
tool and encourages the increasing urbanisation of already urbanised 
areas in the south of the basin such as S�ete, Frontignan, Balaruc-les- 
Bains) and the conservation of natural and agricultural spaces in the 
northern part of the basin, CGI (pluriannual actions plan), Natura 2000 
(biodiversity/conservation), SMVM (coastal land use regulation) and 
SLGRI (flood protection). 
Thau Lagoon’s natural assets and uses encompass oyster farming, 
fishing, agricultural activities (viticulture, horticulture and livestock 
farming), thermalism, natural environment of the garrigues (hiking, 
hunting), tourism (picturesque towns and villages, particularly Sete), 
scenic landscape, some leisure boating, local produce (Picpoul de Pinet 
with oysters) and beaches. Collective management of the estuary covers 
most of the basin and near-sea area, including urban development and 
redevelopment. 
The Thau Lagoon is strongly marked by a progressive shift away from 
agriculture to more urban pressures on water quality and associated 
complications to planning and development. 
4. Case study insights and comparative analyses 
Having introduced and described the scope and context of each of 
three case studies, the current section analyses the range of co- 
evolutionary pathways and possibilities that hybrid estuarine regions 
may face. The analysis is based on the detailed meta-dataset as compiled 
from the authors’ knowledge of and experience with the respective cases 
(see Table A1. in Appendix), and the subsequent iteration and triangu-
lation of this dataset which led to the identification of the four discussion 
themes that provide the structure of the current section: i) boundaries 
and interdependencies; ii) complex multi-level governance; iii) risks; and 
iv) collective action. 
4.1. Discussion theme 1: boundaries and interdependencies in evolving 
estuary governance 
Through analysis of three estuary cases, the fluid (re)delineation of 
system boundaries and ‘boundary spaces’ and the changing in-
terdependencies that this creates was examined. Refs. [87,88] originally 
coined the term ‘boundary work’ to describe the process through which 
boundaries are established between science and non-science. However, 
as [36] note, in governance “all boundaries are conceptual boundaries 
that delineate objects, subjects and places”. As an extension of this, all 
governance boundaries can be seen as the result of boundary work: the 
(re)drawing, maintaining and negotiation of boundaries by interacting 
actors (see also [89]. This estuary governance analysis illustrates that 
even governance boundaries that seem ‘naturally’ grounded in 
geographical space are the result of continual and evolving boundary 
work underpinned by changing governance, actors and their in-
teractions. Processes of negotiation between actors expand and contract 
boundaries and these boundaries, in turn, shape the kind of management 
interventions available to actors [90]. Further scrutiny of the selected 
case studies sheds light on how and why different boundary spaces 
evolve over time, including in response to environmental pressures, 
conceptual priorities and the evolution of cultural landscapes. 
The Lower Hawkesbury case illustrates that bottom-up governance 
change in response to environmental pressures can reconstruct bound-
ary spaces through the mutual recognition of interdependencies. For 
example, the Lower Hawkesbury estuary initially operated as a bound-
ary between local government jurisdictions. The estuary was seen as the 
end of the physical scope of responsibilities for its adjacent local gov-
ernments. A common space linking the in-water boundaries of these 
jurisdictions was thus managed (or rather left unmanaged – see white 
areas in Fig. 2) by jurisdictions with only partial responsibility over the 
water body. However, with community members and managers 
acknowledging that this governance arrangement limited their ability to 
manage the estuary (i.e. a boundary space as a whole entity), they 
embarked on a planning process outside of established state government 
processes. This resulted in a demand for local governments to go beyond 
local estuary management committees which, in 2007, only covered two 
small parts of the estuary’s spatial extent (Brooklyn and Berowra shaded 
areas in Fig. 2). Instead, a new boundary spanning planning process was 
based on the Australian and New Zealand Risk Management Standard, to 
work together above and beyond their jurisdictional responsibilities, 
creating a higher level estuary management committee [91], as well as a 
newly acknowledged estuary and catchment-wide boundary within 
which they had shared governing responsibility. The work of the com-
mittee was formalised through the local governments gazetting the plan 
(e.g. passing into official local government policy). For this reason, it 
still relies on largely local resources to manage the collective work. 
In the Thau Lagoon case, different instances and institutions of 
planning authority, each with their own management priorities, have 
created ‘issue-based’ boundaries which impact the governance of the 
estuary (see Fig. 3). For example, land use planning is governed by the 
Territorial coherence scheme, ‘SCoT’ in Fig. 3; water planning by the 
Water management and planning scheme ‘SAGE’ in Fig. 3; marine 
planning by the Scheme for valuing the sea, ‘SMVM’ in Fig. 3; and 
biodiversity by the Natura 2000 European biodiversity conservation 
plans. Additional responsibilities reside with a collection of local 
municipal governments or ‘communes’ in Fig. 3 [92]. This highlights the 
importance of conceptual or thematic boundaries, which frame what is 
important in estuarine governance. Indeed, each of the groups respon-
sible for and involved in these planning schemes construct and perpet-
uate different discourses about what impacts the lagoon and how it can 
be managed. Examples of such (often overlapping) discourses include: 1) 
the importance of conservation spaces and buffers for improving runoff 
quality; 2) controlling population growth distribution in the whole basin 
and subsequent pollution though development restrictions; and 3) 
limiting boat traffic and direct pollution in the estuary. The development 
of such discourses leads to the involvement and interest of different 
stakeholders, which in turn creates a potential need for the State to 
prioritise resources between management actions that may all lead to 
similar water quality outcomes. 
The analysis of the Thio estuary in New-Caledonia points to how 
‘images of history’ can shift and harden the boundaries around estuaries. 
Van Assche et al. ([53]: 39) refer to ‘images of history’ as historical 
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narratives or discourses that shape what actors consider the status quo. 
Analysis of the Thio estuary study highlights the power of industrial 
actors in shaping these ‘images of history’. The Thio estuary landscape 
reflects a progressive sedimentation of historical events, such as mis-
sionary colonisation, mining development (nickel extraction including 
processing in the interwar period, and latter de-industrialisation), and 
the general settlement history including the permanent settlement on 
slag fills (quasi polder) of Kanak people from Borendy, East of Thio. 
Through the debate over this space and its boundaries, Thio’s gover-
nance is subject to different instances and institutions of planning au-
thorities. In particular, the evolution of Thio’s governance remains 
closely intertwined with the nickel mining industry (now the SLN 
company, a subsidiary of the ERAMET French group) [83]. This is in part 
because SLN established a presence in Thio 140 years ago. SLN has both 
physically and discursively shaped the boundaries around the Thio es-
tuary: people have settled on their slag fills, communities rely on their 
profits and service provision, and their sedimentation and efforts to 
mitigate sedimentation are directly changing the landscape [83]. 
Though SLN’s image of history may generate inertia, other competing 
narratives are shifting the boundaries within and around the Thio es-
tuary. For example, within Kanak culture, the coastline is not perceived 
as a boundary but rather as part of an interconnected whole stretching 
from ridge to reef [93]. This is different from the governmental repre-
sentations which provide the framework for SLN’s operations where the 
coast is seen as a boundary under governmental and provincial rules. 
These conflicting definitions create legitimacy issues on sea-land terri-
tories, which then often become subject to debate [93]. In a wider sense, 
since the 1970s, the environmental consequences and risks of mining 
activities to local populations, as well as the estuarine and nearby reef 
ecology, have become increasingly visible. This has led to mounting 
debates and claims from customary landowners (themselves narrowly 
related to the rise of a pro-independence Kanak movement), Thio 
township residents, as well as academics and environmentalists, that 
such risks require improved governance systems and a more holistic 
understanding of land and sea interactions. 
Thus, all three cases demonstrate how boundary organisations and 
negotiations between different actors, discourses and spaces in each 
estuarine region are key in re-defining and re-shaping integrated ap-
proaches to land-sea governance. 
4.2. Discussion theme 2: complex multi-level governance in estuaries 
The discussion of estuary boundaries above also showed that 
governance of (at least some) estuaries involves complex multi-level 
governance arrangements. These different levels and the spatial scales 
at which they operate are themselves products of discursive processes 
[53]; specifically, a variety of forms of continuous negotiation in and 
between groups of actors [42,43,94]. The internal complexity of 
governance and the scope of its ambitions often increases over time [36] 
but also naturally leads to functional differentiation [53]: a process by 
which multi-level governance system negotiations are broken down into 
new differentiated subsystems to match contextual needs. However, if 
this complexity leads to perceived failures of governance in one or more 
of the subsystems, it opens windows of political opportunity for 
(sometimes radical) changes to the governance structures and systems of 
functioning, often purposely reducing or increasing functional differ-
entiation [95,96]. The scope of governance evolution in such complex 
systems, of which estuaries represent an instance, is then linked to three 
key factors: 1) the relationships and negotiations between jurisdictions 
(linked to the discussion on boundary spaces in the last section); 2) actor 
interests, issues and values (what ought to be managed, by whom, and 
for what reasons); and 3) power and resources, including knowledge, 
finance and an ability to capture or develop discourse and effective 
negotiating strategies. The following section will focus on the first factor 
(relationships and negotiations). The two other factors will be expanded 
on in later sections. 
An example of complex multi-level governance arrangements is the 
implementation of management strategies for coasts and estuaries in 
Fig. 2. Map of evolutions in Hawkesbury River estuary governance jurisdictions.  
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Australia. These usually occur at local and regional spatial/adminis-
trative levels because local councils, or a group of local councils, have 
the responsibility for on-the-ground management of the environment. 
However, their management efforts are complicated by having juris-
diction over only part of an estuary or coastal area, within their gover-
nance boundary. In highly urbanised estuaries and coastal areas, where 
human uses are intensified, there are often multiple and interacting 
layers of governance, combined with diverse community and stake-
holder groups (e.g. Refs. [6,97]). For example, in the Lower Hawkesbury 
Estuary (Australia), there are several complex and interacting layers of 
governance with jurisdiction over the estuary. Three local governments, 
four state government agencies and an overarching state marine man-
agement authority are responsible for implementing state and federal 
legislation and policies that impact the management of marine ecosys-
tems and biodiversity [98], in addition to addressing local and regional 
issues. Implementation of the Lower Hawkesbury Estuary Management 
Plan alone has 10 agencies, including a water authority, responsible for 
its implementation [91]. Furthermore, multiple industry stakeholders, 
Indigenous and local community groups interact with these different 
layers of governance [91]. Therefore, there is no single agency or 
community group with sole responsibility for the natural resource 
management of the whole estuary, which is typical of urban estuaries 
within Australia [6,80,99]. The complexity of this governance context 
makes implementing management and research actions to sustain ma-
rine biodiversity consistently across a whole estuary or coastal area 
extremely challenging [99,100]. 
One way of navigating the complexity of these multi-level land-sea 
governance systems is through the coordination of brokering organisa-
tions. Similarly, to the Australian case, overlapping arrangements are 
found in Thau (France), where multiple municipalities, departments, 
regional and State-level planning schemes and legislation underpin 
complex responsibility arrangements for different aspects of the lagoon 
and its contributing hydrological basin and seaways. In addition, in 
Thau, as in other coastal zones where there is important listed biodi-
versity (of either national or international importance), local or regional 
planning arrangements are also subject to national legislation or inter-
national agreements (e.g. the European Natura 2000 directive or Envi-
ronment Protection and Biodiversity Conservation (EPBC) Act 1999 in 
Australia). With responsibilities spread across many of these groups and 
other stakeholders, efforts have been made to better coordinate the key 
decision-making groups across levels and issue areas through the 
development of a brokering organisation, the SMBT (mixed syndicate of 
the Thau Basin). This arrangement is novel in that it coordinates land, 
water, sea, as well as biodiversity planning, through a range of tools, 
information management and diffusion strategies (see next section). The 
SMBT facilitates interactions between both planning-level stakeholders 
Fig. 3. Map of the Thau Basin and its overlapping sectoral jurisdictions.  
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and groups with specific estuary interests (e.g. around specific sea-
grasses, see Ref. [29]. Its success as a key brokering agency has been 
evidenced by the French State giving it further formal responsibilities in 
recent years for coordinating flood planning and storm early warning 
across the Thau territory [101]. While [102] recognise the important 
role of knowledge brokers in complex evolving governance systems, the 
SMBT example additionally illustrates the wider role of brokering or-
ganisations in navigating complex multi-level processes. 
Even in complex multilevel governance systems, with multiple ju-
risdictions and interests, powerful actors are better equipped to shape 
the evolution of estuary governance. As in all New-Caledonian settings, 
public, private and customary lands divide the Thio estuary [103]. 
Though the Thio estuary and its adjacent small urban settlement and 
other inhabited lands (3287 people in total in the 2014 Census) are 
subject to New Caledonian provincial and French federal regulations, 
the major driver of its governance has been the role of the mining in-
dustry, led by the SLN company [83]. SLN’s operations have been in-
tegral to the development of the township, including the company’s role 
in the transformation of the estuary environment and its management. 
Through employment and services provided to the local community, 
SLN has always been a key stakeholder, and indeed a major shaper, of 
territorial governance. In this case, because of the disproportionate 
amount of power SNL holds as a stakeholder or actor, it almost 
single-handedly shapes the risk acceptance profile. This represents an 
instance of a broader observation, which is that with more varied 
stakeholder perspectives the risk acceptance profile tends to get more 
diverse and potentially requires more elaborate processes to get stake-
holders to express perceived risks and evaluate them from their 
respective perspectives. A single industrial actor having such a pivotal 
role in estuary governance suggests a particular mode of risk acceptance 
and risk taking. This element will be explored in the next section. 
4.3. Discussion theme 3: risks and their governance 
Voβ [37] describes evolutionary governance as ‘a mode of gover-
nance which is reflected in strategies and institutions for collective ac-
tion that can be characterized by the principles of adaptiveness, 
integration and anticipation’. All of these dimensions require gover-
nance systems to absorb and react to shocks or the underlying risks 
associated with them. The above analysis of boundaries and governance 
complexity demonstrates the importance of actor interests in and dis-
courses around potential risks (e.g. poor water quality, impacts of 
mining, destruction of local livelihoods and customs). Specifically, 
risks—and other threats or realised shocks—catalyse opportunities for 
important co-evolutions in both informal and formal governance ar-
rangements for estuarine and associated land and sea management 
systems. Although when seen through an evolutionary governance lens, 
governance systems are continually reconfiguring, it is often in moments 
of crisis that configurations assert themselves more fully and that their 
underlying patterns and processes become more apparent [36]. The 
study of ‘crisis events’ as pivotal moments can transform the way 
collaboration between actors occurs, information is developed and used 
and governance systems are adapted to better manage these risks and to 
promote resilience.1 This is to say that crises are, and should be, 
distinguishable from slow and moderate risks due to the difficulty of 
being identified and avoided. This is because they are new and often 
(initially) invisible. Ulrich [44] offered a typology of risk societies, 
distinguishing between i) Pre-modern; ii) Early Modern; and iii) Late 
Modern. In regard to The Lower Hawkesbury, Thio and Thau, the latter 
modality of risk is clearly relevant to the design of evolutionary 
governance approaches, which is the focus of the following analysis. 
Thus, the following section explores how different estuary governance 
systems have reacted and reorganised differently in response to risks and 
shocks. 
In 2004 in the Lower Hawkesbury, by “wiping out” the local Sydney 
Rock Oyster (Saccostrea glomerata), the QX oyster disease catalysed a 
collaborative reorganisation of estuary governance systems by empha-
sising pre-existing interdependencies. Both the oyster aquaculture in-
dustries based in the Thau lagoon (France) and the Lower Hawkesbury 
Estuary (Australia) then later suffered from a series of OsHV-1 disease 
outbreaks. Such risks and their management led to adapted (or mal-
adapted) forms of governance that reorganise local actors and industry- 
related institutions interactions [104]. Studying the consequences of the 
first QX disease outbreak allows for exploration the evolution of risk 
governance and the role of collaboration and information. This disease 
outbreak highlighted the interdependencies between oyster farmers and 
government agencies and in so doing, catalysed greater collaboration 
between these actors. More specifically, NSW oyster farmers, including 
those in the Hawkesbury (Broken Bay) worked with the State Govern-
ment to develop a common oyster industry aquaculture strategy [105]. 
Oyster farmers credit the QX crisis as the catalyst for developing new 
social norms and practices that would lead to a more sustainable in-
dustry [72]. This process not only helped farmers to build collective 
identity and resilience but to set up systems—both formal and infor-
mal—to better manage other risks that might beset them in the future. 
This included a new local legislative requirement, SEPP62, for all de-
velopments that could have estuarine impacts [104,127] 2 Such proac-
tive collaborative engagement, supported by best available information, 
has led to the NSW Oyster industry being seen by many catchment, 
government and community leaders as ‘stewards’ of the estuary and 
their oysters as the ‘canaries of the catchment’ [106], providing early 
warning on catchment, estuary and marine environment health [72]. 
However, the 2014 OsHV-1 oyster disease outbreak in the Lower Haw-
kesbury estuary, has demonstrated continuing fragility and vulnerability 
of the oyster aquaculture industry, despite the oyster farmers’ capacity 
to self-organise and take a key role in collective estuarine governance 
[107,108]. 
In Thau and the Lower Hawkesbury, risks and shocks to these estu-
aries have created new flows of information which transformed the 
governance of these estuaries. These information flows may reinforce or 
restructure stakeholder interactions within estuary governance regimes. 
For example, in response to the 2004 oyster QX disease outbreak, Lower 
Hawkesbury oyster farmers collaborated with researchers, with support 
from the Hornsby Shire Council and the NSW government to undertake 
intensive sampling and monitoring of the impacts of QX disease [72, 
109]. Collectively, the Oyster farmers then also developed an informa-
tion system—an Environmental Management System (EMS) [110]— 
with the support of a boundary organisation (Oceanwatch), based on a 
risk management framework to support their management of the estu-
ary. These information systems enabled oyster farmers to reassert a 
stewardship role and to engage more actively in the management of the 
estuary. In contrast, in the governance of the Thau Basin, oyster disease 
outbreaks and other threats (e.g. poor water quality events due to 
catchment flooding), led to alternative actors mobilising. Specifically, 
the French State planning apparatus was mobilised, and the develop-
ment of Government and research-driven information management 
systems were deployed to monitor and provide early warnings to 
stakeholders, including oyster farmers. However, unlike the information 
systems developed in the Lower Hawkesbury, at the community level, by 
the farmers themselves, there is evidence that these larger information 
systems in Thau (e.g. OMEGA Thau, see Ref. [29] are not developed 
1 One increasingly common discourse and (re)framing of debates in risk 
governance and societal capacity to address these. See Ref. [118] for an 
up-to-date review of the resilience discourse(s) and application of theory to 
governance practice. 
2 See in particular Section 3A: https://www.legislation.nsw.gov.au/#/view/ 
EPI/2000/473/part3a This particularly leads to consideration of the NSW 
Oyster Industry Sustainable Aquaculture Strategy [119], see also [120]. 
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specifically for all of the perceived needs of Thau’s oyster farmers [31, 
55]. Furthermore, these information systems have not created a com-
munity empowered as ‘estuary stewards’ as in Australia. They have, 
however, created further legitimacy for the SMBT as described in the 
earlier discussion sections. 
In the New Caledonian Thio estuary, environmental risks from heavy 
rainfall events created conflicts that led actors to reinvent themselves 
and change institutional configurations. Conflict plays an important role 
in the evolution of governance systems. Beunen et al. ([36]: 27–28) 
argue that governance paths are paved with conflict and shaped by in-
definite competition between discourses. Thio illustrates the role spe-
cific risks in crystallising these conflicts and how this in turn can lead to 
the reconfiguration of a governance system. For example, in 2013, 
rainfall events of exceptional intensity followed one after another, 
several months apart (cyclone Freda in January and heavy rains in June) 
in the municipality of Thio. Floods and landslides caused material 
damage in localities at the bottom of slopes and to the rivers down-
stream. The population of Thio mobilised quickly in response to these 
hazards by blocking access to the three mining sites of the commune 
(Plateau, Fir Camp, Dothio). This mobilisation resulted in the drafting of 
a claim book and the creation of an inter-ethnic collective which 
included employees of the nickel company (SLN). Formal governance 
arrangements followed with the signing of a memorandum of under-
standing by the collective, the town hall, the Southern Province, the 
government of New Caledonia and the SLN. The collective was later 
formed into an association whose name, Chava xua, means “take care of 
one’s house/community” in xârâcùù language. In addition, a Simplified 
Shareholding Company (SAS) was created to organize the interface be-
tween SLN and local contractors on the maintenance and environmental 
rehabilitation projects discussed under the agreement. This mobilisation 
of stakeholders and reconfiguring of the governance system towards a 
more collective form of interaction also led to the development of new 
ways of working and associated norms. 
In summary, all three cases illustrate how actors’ responses to sys-
temic risks and their impacts may shape and evolve estuary governance 
processes. 
4.4. Discussion theme 4: inciting collective action and crystallising norms 
As alluded to in the previous sections, adaptability is a fundamental 
part of evolutionary governance. Actors, environments, institutions and 
configurations continually change and governance systems must adapt 
to persist. Within the context of spatial planning, ([111]: 167) points to a 
paradox that a system “whose main purpose is to plan for change is 
underpinned by structures which impinge on capacity for change”, a 
similar assertion could be made about many estuary governance sys-
tems. This has led to the question of to what extent evolutions in 
governance can be intentionally opened up by actors through changes in 
their discourse and aspirations for desired configurations of collective 
estuary governance action. Governance evolution in all three estuaries 
was influenced by particular discourses (see Appendix for a summary) 
and described in part in the last sections, with some cutting through in 
the times of crisis as previously noted. However, ‘non-crisis’ time dis-
courses about future potential configurations of collective action and 
how particular sets of norms could be intentionally crystallised to guide 
future evolutions of estuarine governance have also been analysed. 
Specifically, in the Lower Hawkesbury, an initial discourse on the need 
for estuarine ‘risk governance’, pushed largely by one influential local 
government official, was collectively developed and enshrined through 
the Lower Hawkesbury Estuary Management Plan [91], based on the 
Australian/New Zealand Risk Management Standard (AS/NZS 
4630:2004). However, following the almost complete implementation 
of this plan in the following years, its instigators have been debating 
what should replace it. Specifically, a discourse around ‘standards-based 
governance’ has emerged as one way of enhancing adaptability and 
guiding the evolution of estuary governance towards specific 
socio-ecological constraints and more effectively managing estuarine 
risks. The current discourse is that, if used well, standards-based 
governance can open up boundaries by improving matches between 
information and coordination of stakeholders and multiple levels of 
governance [100]. This in turn encourages the development of new 
governance relationships across spatial and jurisdictional boundaries. 
They propose that two such standards provide methods to achieve this: 
the international risk assessment and management standard (ISO 
31000) and bowtie analysis (ISO 31010).3 
Extending discourse and actor analysis into the networks beyond the 
estuarine case studies, there is evident cross-country learning about 
potentially valuable governance configurations that can be incited 
through the use of particular tools. Here, the Lower Hawkesbury actors 
have noted that [112] provide an example of the combination of risk 
assessment and bowtie analysis and how they have been used together to 
improve risk governance in a freshwater system. These authors 
demonstrate for the Great Lakes ecosystem in North America the 
importance of analysing the entire system of management operating at 
different jurisdictional levels. Using these two methods they analysed 
137 federal, provincial and state management controls. They identified 
potential strengths and weaknesses in the management system [112] 
that needed to be addressed to improve the governance and manage-
ment of the Great Lakes. Equivalent studies for estuaries and coasts in 
Australia are currently being developed (e.g. Ref. [64]) but actors 
acknowledge that such intentional reconfiguring of governance systems 
remains a much needed area of interdisciplinary research, including 
how such systems may be co-owned (e.g. found to be appropriate), 
co-constructed (e.g. to ensure legitimacy of use and validity of infor-
mation), and co-evolved as the boundaries of governance and the actors 
within them reassemble over time to ensure usefulness. 
This networked policy learning links areas of EGT with the literature 
on policy (or whole governance system configuration) translation and 
mobility (e.g. Refs. [113–115,123]). For such policy or governance 
systems ideas to travel, it is usual to find key actors (e.g. policy entre-
preneurs, champions or even artefacts such as information systems) who 
have inserted the idea into a number of required arenas for collective 
action to be instigated. In the Thau basin, one of these key ideas has been 
that of ‘territorial coherence’, stemming from other regions of France 
where an understanding and maintenance of landscapes and their 
amenity (including villages, vines and oyster farms) has been promoted. 
Such an idea has been translated to a supportive discourse around the 
integration of multiple planning frameworks previously discussed, and 
more importantly, provided the social impetus for collaboration and 
support of the role of the SMBT broker organisation. Central to its 
effective translation was its capacity for many actors in the basin to 
adhere to a central, shared vision – one of ‘coherence’ where each of 
their core values and historical ways of living in the basin would be 
maintained and fit in with others [2,109]. Representation of these values 
and spatial placement of activities on maps and information systems 
allowed the past norms of territorial development to be visualised. From 
this, new collective action around developing greater coherence where 
conflicts were identified became possible and the basis for co-evolution 
of these planning systems into a more integrated basin-wide governance 
system. 
3 Risk assessment and management determines the likelihood of not 
achieving the management objectives of a governance policy(s) for a social-
–ecological system [121]. It identifies what components are at risk of not 
meeting the management objectives, why it is at risk (i.e. the risk factors) and 
how these risk factors could be addressed (i.e. risk management). Bowtie 
analysis then evaluates the performance of the management systems in place in 
addressing the identified risk factors to determine the systems’ ability to ach-
ieve the management objectives and therefore their success or failure in 
implementing a policy of governance [121]. 
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5. Conclusions and perspectives 
Drawing on the analysis presented in the previous section, the cur-
rent section infers some concluding reflections on co-evolution processes 
in estuarine governance. Key perspectives are drawn from extending the 
three focal areas used to compile the meta-dataset for the three case 
studies (as outlined in the Methodology section: i) scales and levels; ii) 
roles and information flows; and iii) stakeholder perceptions and 
discourses. 
Firstly, a focus on the scales and levels associated with estuary 
governance offers a new empiricism for understanding the evolution of 
boundaries and the boundary work that underpins them. Ref. [53] 
explicitly recognise the role of analysing boundary formation, mainte-
nance, and change in understanding the evolutionary nature of gover-
nance. As places centred around land-sea interactions, the materiality of 
estuaries and the ecological scales on which they function point to the 
ambiguity of ‘natural boundaries’ that, from the perspective of gover-
nance, are often masked by a discursive land-sea divide. Such ambiguity 
has impacted the evolutionary directions of governance processes and 
has raised the question as to whether actors in these estuarine spaces 
already have a sense, and language, of an integrated land-freshwater-sea 
system (coastal/estuarine zone) or whether they are yet to develop one. 
In addition, the boundaries around the environmental scales of estuaries 
are also evolving. This is because resource managers are increasingly 
widening their scope from ‘ridge to reef’, to ‘ridge to reef to ocean’, 
where sea planning is integrated with land-based territorial planning. 
Because of the diversity of different interests and governance struc-
tures embedded in these land-sea spaces, estuary governance systems 
often undergo processes of fragmentation: the splitting of governance 
systems into siloed components such as land use planning, marine 
planning, economic development and natural resources management, 
where in each politics, economics, law, science and understandings of 
the world are contested. Our analysis suggests that moving towards an 
evolutionary understanding of estuary governance necessitates an 
appreciation of how these differentiated and fragmented systems are 
being re-hybridised and the struggles between, and boundaries of, 
components are being negotiated. For this move to be realised, drawing 
on both complementarities in EGT understandings of functional differ-
entiation (e.g. Ref. [36]) and fragmegration (integration/fragmentation) 
processes in multi-level governance theory could provide a platform for 
future research (e.g. Refs. [41,116]. 
Secondly, reflecting on roles and information flows, from the case 
studies, it is apparent that brokering and coordinating organisations 
play a key role in steering estuarine governance systems. In many cases, 
mathematical models or information systems (e.g., observatories) 
themselves become new actors in estuarine governance systems around 
which evolutions in estuarine governance and associated forms of col-
lective action are created. This was particularly the case with the envi-
ronmental management systems in the NSW estuaries and the pivotal 
role of the SMBT, with its associated models and platforms for capturing, 
organising and disseminating territorial intelligence [104]. In terms of 
perspectives for other estuaries around the world, new coordinating 
actors, information systems and structures may be required to navigate 
the changing levels and scales of governance. For example, information 
systems linked to the Chava xua association in Thio could play a critical 
role in evolving this estuary’s future governance. 
Thirdly, analysis of the three estuary cases suggests that stakeholder 
perceptions and discourses play a fundamental role in ‘place-making’ 
and delineating (new) boundaries where the discourses of particular 
actors – often brokering or key stakeholder groups such a key local 
councils and the oyster industry in the Hawkesbury, the SMBT in Thau 
and the Chava xua and SLN in Thio – assume dominance and power in 
driving collective action or promoting specific governance models (e.g. 
risk-based or standards-based governance) that leads to particular 
governance evolutions. Specifically, those that support the maintenance 
and effective positioning of these organisations as actors that must be 
considered in estuarine-focussed decision-making. Findings from the 
comparative case analysis suggest that cultural evolutions, past gover-
nance arrangements and settlement patterns do indeed change percep-
tions of estuaries as a boundary space and their associated images of 
history. Such processes create path dependencies which in turn shape 
the roles, information flows, stakeholder perceptions and discourses 
central to estuary governance. New ideas and discourses with an ability 
to connect to these pasts and identify both the best of what to keep and 
how to navigate changes in relationships and responsibilities of actors in 
the estuarine governance systems, were taken up in the three cases. It 
should be noted, however, that unless powerful actors choose to enrol 
and empower other (marginalised) actors, the nature of these processes 
can often exclude already marginal resource users [117] or further 
entrench the power of already powerful actors. 
The exploration of findings from the three case-studies presented in 
this paper have allowed us to understand and contrast the ways in which 
different estuarine governance systems may co-evolve through the ac-
tions of different actors, including information systems or models. In 
each of these cases, scales and levels, values and perceptions of risks, as 
well as the lived experience of crisis events were demonstrated to have 
critical, inter-connected effects on the co-evolution of governance ar-
rangements. The co-evolutions that were identified have typically led to 
greater collaboration, information flow and coordination. Whether such 
processes are present, or may be instigated, in other estuarine gover-
nance systems and how particular co-evolutions can be incited in non- 
crisis situations remain important questions for future research and 
practice. 
Acknowledgements 
All authors receive salary, financing and/or support from their 
organisational affiliations. The development of this article was sup-
ported by discussions within the COST Action CA15217 - Ocean 
Governance for Sustainability - challenges, options and the role of sci-
ence, supported by COST (European Cooperation in Science and Tech-
nology). Participation in these discussions was financed by an Australian 
National University COST Action grant. Research feeding into the 
manuscript was funded by the French Government (Fonds Pacifique), 
European Commission, CSIRO and the General Sir John Monash Foun-
dation. The lead author (K.A. Daniell) is a member of the Initiatives of 
the Future of Great Rivers and a Director of the Peter Cullen Water and 
Environment Trust. Thank you to all colleagues and communities who 
have supported our work and their own estuary governance processes 
over the past decades in the Hawkesbury, Thau and Thio.  
K.A. Daniell et al.                                                                                                                                                                                                                               




Estuary Case Study Comparison  
Case Studies Lower Hawkesbury, NSW, Australia Thio Estuary, New Caledonia Thau Lagoon, France 
1. Scales and levels 
1.1. Location and topography (What 
type of coastal formation is this? Where 
is it located?) 
East coast of Australia, northern edge of 
Sydney, semi–mature tide dominated 
drowned valley estuary (estuary). 
Southern Province, West Coast, mouth of 
the Thio River 180 km from Noumea, 
included in Xârâcùù customary area). 
South of France (Languedoc-Roussillon), 
stream-fed semi enclosed karstic lagoon 
connected to the Mediterranean sea by two 
small inlets. 
1.2. Levels of governance (What are 
the relevant administrative scales?) 
Community (farming, fishing, 
representatives on management 
committees); Local government- Councils, 
regional (e.g. Lower Hawkesbury estuary 
management plan committee); State 
Government (Fisheries, owner of water 
agency -Sydney Water, LLS); Federal 
Government (EPBC Act). 
Southern Province Community/local 
associations; Southern Provincial 
Government; the New Caledonian 
government, responsible for the protection 
and prevention of pollution; f 
reshwater management partially depends 
on French municipalities’ code, excluding 
rights on customary land. 
Community (fishers and oyster farmers); 
Municipal Governments (15 different 
townships) responsible for urban 
development planning; Intercommunalities 
(unified representation for these 15 
townships); Regional (SMBT); National 
(State planning directive); European 
(Natura 2000). 
1.3. Institutional mechanisms (What 
are the governance structures in place for 
this estuary such as laws, decision 
processes, engagement mechanisms/ 
management committees?) 
Lower Hawkesbury Estuary Management 
Committee, Local Environment Plans 
(LEPs), Development Control Plans 
(DCPs), EPBC Act, NSW Environmental 
Planning and Assessment (EPA) Act, 1979; 
State Environmental Planning Policy 
(SEPPs), Regional Environmental Plans;  
Water Management Act 2000; National 
Parks and Wildlife Act 1974 (NSW) Local 
Land Services Act 2013; Environment 
Operations Act 1999; Threatened Species 
Conservation Act 1995; Fisheries 
Management Act 1994. 
The governance of Thio rests with the 
government of the Southern Province 
(which encompasses the entire river).  
There has been an increasing push for local 
governance. 
The indigenous and clan-based Kanak 
dimension came to the foreground in 1996, 
and more recently in the negotiations about 
the possible restart of mining in the 
southern part of Thio (called ‘the forgotten 
coast’) and after two important rain events 
in 2013 an interethnic association “Chava 
xua” was formed. 
DCE (Water law); SAGE (water plan cobuilt 
with important local stakeholders);  
SCOT : an integrative planning and 
management tool thatencourages the 
increasing urbanisation of already 
urbanised areas in the south of the basin 
(S�ete, Frontignan, Balaruc-les-Bains) and 
the conservation of natural and agricultural 
spaces in the northern part of the basin; CGI 
(integrated management contract); Natura 
2000 (biodiversity/conservation 
planning); SMVM (Sea planning); SLGRI 
(Flood planning) 
1.4. Natural assets and uses (What are 
the principal uses and values for the 
estuary?) 
Oyster farming; fishing (passive and 
engine); boating & water activities- 
recreation (recreational swimming sites); 
scenic amenity; cultural heritage; 
adjoining land-based urban development; 
bird watching (migratory birds);  
Beaches; seagrasses; mangroves; mudflats; 
freshwater holes; wetlands. 
Nickel mining (nickel extraction is very 
water intensive); local agriculture and small 
fisheries; w 
ater, including in the estuary, has important 
cultural value to local Kanak tribes; 
environmental water, a concern for local 
NGOs and as a buffer for extreme events (e. 
g. drought and cyclones); land-based urban 
development. 
Oyster farming; fishing; agricultural 
activities (viticulture, horticulture  and 
livestock farming); natural environment of 
the garrigues (hiking, hunting etc …); 
tourism - picturesque towns and villages 
(particularly Sete); scenic landscape; some 
leisure boating; local produce (e.g. Picpoul 
de Pinet with oysters); beaches. 
1.5. Planning extent (What does estuary 
planning cover: the extended basin, 
reefs, catchment etc. & what issues e.g. 
land development, water management, 
industry regulation/support, 
environmental quality) 
Lower river basin including tributary 
catchments (but excludes coastal 
catchments): multi-risk focus (physical, 
governance, economic) but main ability 
for implementation is through local 
government mechanisms. 
Extended basin, reefs, catchment industry 
regulation including mining, agricultural 
soils. Freshwater management. 
Collective management of the estuary 
covers most of the basin and near-sea area, 
including urban development and 
redevelopment. 
2. Roles and information flows 
2.1. Stakeholders/beneficiaries 
involved (Who are the key stakeholders 
involved in the estuary/those who benefit 
from it?) 
Oyster farmers, boat owners/marinas, 
commercial and recreational fishers, local 
residents (scouts, school students, water 
sports), tourists, water agency, indigenous 
community. 
National Nickel Mining Syndicat (SLN), 
mining Trade unions, Kanak tribe of St. 
Philippe, NC environmental associations. 
Local association of Thio citizens (Chaava 
xua). Local residents (70% of whom are 
Melanesian). 
Oyster farmers, fishers, leisure boaters, 
tourists, tourism industries, residents, 
public servants, hunters, environmental 
NGOs and associations (LPO and CPIE 
Thau). 
2.2. Historical evolution (How have the 
uses, governance and actors of the 
estuary evolved?) 
Previously more oyster farmers. Now due 
to disease only 3 businesses remain. Also 
due to recent government fisheries 
reforms, there have been changes to the 
number of commercial fisheries operating 
in the estuary. Significant Increase of 
upstream urban development and 
recreation. From individual council level 
estuary management committees and 
plans to a multi-council committee and 
plan. 
Largely influenced by history of mining 
which commenced in 1880). Previously 
influenced by colonial agriculture 
(ranching) and traditional horticultural 
practices. Flood events in 2013 incited 
governance changes to reduce risks (e.g., 
landslides) with an interethnic association 
forming “Chava xua”. A Simplified 
Shareholding Company (SAS) was also 
created to organize the interface between 
SLN and local maintenance and 
environmental rehabilitation contractors. 
Local councils created a first catchment- 
wide organisation that couldn’t legitimize 
itself. Now SMBT has gained legitimacy 
(catchment jurisdiction) by including 
stakeholders in planning. It has been so 
successful over the past decade that it has 
been given further responsibility over 
coordinating local flood planning. 
2.3. Information sharing mechanisms 
(How is knowledge about the estuaries 
distributed? What types of information 
are valued and by whom?) 
Through planning documents and web 
portals; EMS; through local social 
networks and conferences;  
Council’s annual reports; water quality 
report health cards; Council’s website and 
youtube videos; community education 
events run by Council and other 
government agencies; public talks at 
libraries; free guided bushwalks and 
Estuary tours; through community groups. 
After the signature of the local agreement, it 
raised the question of the follow-up of the 
necessary restoration and environmental 
maintenance work. The meetings organised 
on the ground in the affected areas, implied 
the signatories of the agreement and also 
the Nickel Fund, public establishment of 
New Caledonia whose mission is the 
rehabilitation of sites degraded by mining 
activity. 
Many actions of SMBT (participatory 
planning, conferences open to publichtt 
p://oramaritima.fr/), collaborative 
mapping, mapping of ecosystems services 
based on local actors’ perceptions, models 
included in Decision Support Systems (e.g. 
OmegaThau), territorial information 
system 
(continued on next page) 
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Table A1 (continued ) 
Case Studies Lower Hawkesbury, NSW, Australia Thio Estuary, New Caledonia Thau Lagoon, France 
3. Actor perceptions and discourses 
3.1. Focal governance interests (What 
are the key issues of importance for 
governance in the estuary? Perceived 
threats/risks?) 
Water quality (due to urban run-off as a 
result of increased impervious surfaces, 
upstream agriculture and cattle run-off, 
harmful algae blooms, WWTP discharges, 
pollution i.e. plastics); oyster diseases; 
urban/industrial development climate 
change adaptation;invasive species 
(animals and plants-weeds), lack of 
management coordination; i 
ncreased motor boating and water-sport 
activities (boat wash/foreshore erosion); 
reduction/impact on macrophytes 
(seagrasses, saltmarsh and mangroves); 
Water quality (due to nickel mining run-off 
and mining related erosion); 
hypersedimentation of river and of coral 
reefs;water availability and over extraction 
during drought; flooding in the event of 
cyclones; ettlements on slag fills and barrier 
beach. 
Water quality (due to fertilizer and 
pesticide use, but also low level of sewage 
treatments in coastal communities due to 
flash floods and population variations 
across seasons and general increase); 
strong urban pressure; progressive 
“disappearance” of agricultural activities; 
maintenance of character of historic towns 
and settlement patterns (e.g. amenity of 
vineyards and lagoon landscapes with 
oyster plots). 
3.2. Influential discourses (What have 
been the key discourses that have shaped 
the evolution of governance? Where did 
the originate and who used them to bring 
about change?) 
Environmental protection and scenic 
amenity - protecting the estuary from 
development (residents and 
environmentalists) - Natural Resource 
Management portfolio in Council; oyster 
farmers as estuary stewards (OISAS 
strategy); lack of integrated governance 
(Councils, CMA); s 
tandard land use zonings for LEPs across 
the NSW coastline, risk management and 
standards and a better basis for managing 
estuaries (Councils, NSW Govt); Integrated 
Coastal Management (Councils, NSW 
Govt); vulnerability to climate change and 
population growth. 
The issue of monitoring the necessary 
restoration and environmental 
maintenance work in the river revealed two 
non-exclusive narrative options: 
(1) technical follow-up of the work done or 
(2) an inclusive political logic of local 
citizenship. The local association, Chava 
xua’s strategy combined collective action 
on the ground, aimed at putting pressure on 
the actors of the ecological restoration, in 
particular the SLN, and a political and 
moral discourse, enjoining the SLN to be 
consistent with their branding as a “New 
Caledonian company" 
Territorial coherence and maintenance of 
aesthetic landscapes (vines, oyster farms, 
old towns) – local residents/industry reps. 
Need to modernise communication and 
collective governance systems to respond 
to challenges/risks (researchers, 
government officials). On water quality: 1) 
the importance of conservation spaces and 
buffers for improving run-off quality; 2) 
how to control population growth in the 
whole basin and subsequent pollution 
though development restrictions; or 3) 
limiting boat traffic and direct pollution in 
the lagoon. 
3.3. Future scenarios and 
development options (What are the 
best options for evolving, coordinated 
estuary governance in light of these 
challenges?) 
Development of a planning regime based 
on a NRM standard. Estuarine region 
planning fully integrated with 
development and coastal planning. 
Development of an overall management 
plan for the entire Hawkesbury Estuary, 
coastal zone and river systems.  
Standard procedures and legislation across 
all Local Government Areas. 
Better articulations between institutional 
managers and between institutional and 
formal and informal local managers.  
Planned debates on catchment basin 
management especially as the New 
Caledonian government has launched a 
national public engagement program to 
build a national water policy.  
Adoption of standard procedures for layouts 
taken into account geo-physical and social 
issues (dredging, technical structures on the 
river and on the estuary as well as 
management of agricultural and residential 
areas, human displacements, etc.). 
Supporting the development of more local- 
level stakeholder groups that can work in 
an organised fashion with the SMBT and 
have information developed for them that 
meets their (and the rest of the basin’s) 
needs.  
One way forward is the social evaluation of 
the presence of ecosystem services on a 
territory and to map them (ongoing 
project).  
A project of a Territorial Living Lab is 
currently being investigated. 
3.4. Efficacy of governance (What has 
worked and where do the biggest 
governance challenges still lie? What 
interactions/integration are 
insufficiently managed?) 
Change in level of estuary Governance was 
useful for coordination. Renewal of 
planning is needed. Climate change, 
development and some risks (e.g. disease) 
still insufficiently managed. 
lack of sustainable development planning 
strategy. 
Development applications not being 
properly assessed. Lack of compliance post 
approval, poor implementation of DCPs.  
Federal, state and local legislation 
overlaps and overwrites each other 
Estuary governance is still a very important 
challenge. 
There is a better account/consideration of 
environmental damages on residents. 
Regarding residents, biggest governance 
challenges lie in the management of 
flooding and hypersedimentation of all the 
catchment basin that impact their 
agricultural, fishing and housing areas. 
The action of civil society at large has 
revealed powerful (if not sufficient) to push 
SLN and public authorities to fulfill its 
obligations in terms of social responsibility 
and environmental management 
SMBT has been seen as an important an 
effective planning broker/coordinator, to 
the extent that it has been given further 
responsibilities in flood management. Links 
with local residents/oyster farmers and 
winegrowers are still needed to build 
stronger community support/awareness of 
plans and responsibilities. Bi-directionality 
of information exchanges might be 
enhanced. 
3.5. Implementation requirements 
(What are the key resources/barriers to 
overcome?) 
Multiple responsibilities, no clear broker 
organisations who could have 
coordination oversight responsibility.  
Overlap of agencies’ boundaries and 
responsibilities.  
Lack of (financial) resources 
New Caledonia’s relationship to Nickel as 
an engine of economic growth and how this 
fits with other resource uses. There is also 
wider uncertainty about the political 
provincial and federal structures of New 
Caledonia.  
Seeing the estuary & catchment as a focus of 
governance rather than mangroves or 
fishing grounds or nearby settlements as is 
the case now. 
Human and digital resources for broader- 
scale participation and stakeholder 
support.  
Overcoming a lack of political will.   
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Table A2 
Estuary Case Study Author contributions  
Case Studies Lower hawkesbury, nsw, australia Thio estuary, new caledonia Thau lagoon, france 
4.1. Individual interviews with stakeholders 54 60 78 
4.2. Workshops attended ~90 8 12 
4.3. Meetings attended ~110 12 25 
4.4. Workshops organised 7 10 10 
4.6. Number of authors with a role in Governance Direct Managers: 2 (17 years & 10 years service)  
Researchers: 4 
Direct Managers: 0  
Researchers: 4 
Direct Managers: 0  
Researchers: 5  
Appendix A. Supplementary data 
Supplementary data to this article can be found online at https://doi.org/10.1016/j.marpol.2019.103704. 
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